The order Mucorales comprises predominantly fast-growing saprotrophic fungi, some of which are used for the fermentation of foodstuffs but it also includes species known to cause infections in patients with severe immune or metabolic impairments. To inventory biodiversity in Mucorales ITS barcodes of 668 strains in 203 taxa were generated covering more than two thirds of the recognised species. Using the ITS sequences, Molecular Operational Taxonomic Units were defined by a similarity threshold of 99 %. An LSU sequence was generated for each unit as well. Analysis of the LSU sequences revealed that conventional phenotypic classifications of the Mucoraceae are highly artificial. The LSU-and ITS-based trees suggest that characters, such as rhizoids and sporangiola, traditionally used in mucoralean taxonomy are plesiomorphic traits. The ITS region turned out to be an appropriate barcoding marker in Mucorales. It could be sequenced directly in 82 % of the strains and its variability was sufficient to resolve most of the morphospecies. Molecular identification turned out to be problematic only for the species complexes of Mucor circinelloides, M. flavus, M. piriformis and Zygorhynchus moelleri. As many as 12 possibly undescribed species were detected. Intraspecific variability differed widely among mucorealean species ranging from 0 % in Backusella circina to 13.3 % in Cunninghamella echinulata. A high proportion of clinical strains was included for molecular identification. Clinical isolates of Cunninghamella elegans were identified molecularly for the first time. As a result of the phylogenetic analyses several taxonomic and nomenclatural changes became necessary. The genus Backusella was emended to include all species with transitorily recurved sporangiophores. Since this matched molecular data all Mucor species possessing this character were transferred to Backusella. The genus Zygorhynchus was shown to be polyphyletic based on ITS and LSU data. Consequently, Zygorhynchus was abandoned and all species were reclassified in Mucor. Our phylogenetic analyses showed, furthermore, that all non-thermophilic Rhizomucor species belong to Mucor. Accordingly, Rhizomucor endophyticus was transferred to Mucor and Rhizomucor chlamydosporus was synonymised with Mucor indicus. Lecto-, epi-or neotypes were designated for several taxa.
INTRODUCTION
The order Mucorales represents a phylogenetically ancient group of fungi comprising predominantly saprotrophs inhabiting soil, dung and dead plant material, as well as several parasites on plants and on other fungi. Mucoralean strains have been used for centuries in the fermentation of traditional Asian and African food such as tempeh or furu (fermented tofu) (Nout & Aidoo 2010) , and they also play a role in the production of several kinds of cheese (Hermet et al. 2012) . On the other hand, some members of the Mucorales are responsible for the spoilage of fresh and manufactured food (Pitt & Hocking 2009 ).
Mucoralean fungi are also known to be involved in human infection. Mucormycoses are still very rare, but their incidence is increasing in hosts with severe immune or metabolic impairment, e.g. due to hemomalignancy, hematopoietic stem cell transplantation or uncontrolled ketoacidotic diabetes mellitus (Skiada et al. 2011) . Infections often take a dramatic course and have a high mortality rate. In risk group patients such as those with leukemia or allogenic bone marrow transplant an increase of 8 % and 2 %, respectively, has been noted (Greenberg et al. 2004 ). In part the clinical strains belong to the same species as the ones used in food fermentation. For example, Mucor circinelloides is used for starter cultures in Asian food (Hesseltine 1983 , Nout & Aidoo 2010 , but is also able to infect patients with an impaired immune system (e.g. Khan et al. 2009 ).
Mucorales are among the best represented groups in fungal culture collections. They easily grow in axenic culture and they have been used as model organisms since the late 19th century. A large share of all species described in the order are represented today by living cultures publicly available in fungal reference collections. For example, the Centraalbureau voor Schimmelcultures (www.cbs.knaw.nl) possesses 135 ex-type or authentic strains out of 227 currently accepted species. This is a unique situation, compared e.g. with dermatophytes which were described around the same period (Sabouraud 1910) .
Problematic for the nomenclatural stability of the Mucorales is the practice of many early authors to designate a living strain as 'type' although this was permitted by the International Code of Botanical Nomenclature. Since 2000 Art. 8.4 of ICBN has allowed deposition of metabolically inactive cultures as types (Greuter et al. 2000) . In order to link these original strains to the respective names we designated the vial with the lyophilised strain that was prepared at time of its accession as lectotypes. If the original strain was not lyophilized in the year of its accession we lectotypified the name by the original illustration and designated the original strain as epitype. In the case of Zygorhynchus exponens a neotype was chosen because the original figures were not specific and no other authentic material is known to exist.
Taxonomy of Mucorales has traditionally been based upon microscopic morphology and mating experiments. The classical works of Maria A.A. Schipper (Schipper 1973 , 1975 , 1976 , 1978a , b, 1979 , 1984 , 1986 , 1990 , Schipper & Samson 1994 , Schipper & Stalpers 1984 provided model studies and have long remained satisfactory for the identification of major species. A large number of names were synonymised. However, molecular phylogeny has revealed that diversity within and between species is much larger than anticipated, and this has led to a proliferation of the number of taxa recognised. Since the older, morphological synonyms were a priori omitted from most studies, the respective names remained obscure and were not included in nomenclatural comparisons. New names are being introduced today for species that do not match any of the known taxa deposited in GenBank. Verification of the ex-type strains of older, still valid names may prove that some of the new names are later synonyms, and that the historical names have to be re-installed.
DNA barcoding was originally aimed to allow faster and more precise species identification. However, the accuracy of this method strongly depends on completeness of taxon sampling and on taxonomic elaboration (Meyer & Pauley 2005) . Since polyphyly was revealed with molecular data in many morphologybased families and genera (O'Donnell et al. 2001 , Voigt & Wöstemeyer 2001 , several groups have been revised using molecular phylogenetic analyses, e.g. Actinomucor (Zheng & Liu 2005 , Khan et al. 2008 , Apophysomyces (Álvarez et al. 2010b) , Cunninghamella (Liu et al. 2001) , Lentamyces (Hoffmann & Voigt 2009 ), Lichtheimia (Alastruey-Izquierdo et al. 2010) , Pilobolus (Foos et al. 2011) , Rhizopus (Abe et al. 2006 , Gryganskyi 2010 , Saksenaea (Álvarez et al. 2010a) , Siepmannia (Kwaśna & Nirenberg 2008a, b) and Umbelopsis (Meyer & Gams 2003) . However, some genera, e.g. Absidia s.str., Circinella and relatives, or Syncephalastrum have not been revised using molecular data. The largest mucorelean group, Mucor and its relatives, has been investigated only fragmentarily focusing on certain clades (Jacobs & Botha 2008 , Budziszewska et al. 2010 , Álvarez et al. 2011 , Madden et al. 2011 , Hermet et al. 2012 . Only a few publications (Abe et al. 2007 , Alastruey-Izquierdo et al. 2010 , Gryganskyi 2010 , Hermet et al. 2012 ) use at least two unlinked molecular markers and apply sufficient strain and taxon sampling to adopt concepts of genealogical concordance phylogenetic species recognition (GCPSR, Taylor et al. 2000) satisfactorily. As a consequence, the criteria of good taxonomy are insufficiently met, and many species in Mucorales are poorly delimited. It was, therefore, the primary aim of the present study to inventory the genetic diversity of Mucorales deposited in the CBS culture collection and to highlight critical groups that need to be studied by a multi-locus approach. Our paper provides DNA barcodes for all ex-type and authentic strains of Mucorales available in the CBS culture collection, and makes these data available by open access as reference for subsequent studies on biodiversity and taxonomy.
Recently, the Fungal Barcoding Consortium (Schoch et al. 2012) proposed the rDNA internal transcribed spacer (ITS) as a universal DNA barcode marker for fungi. In our study ITS was also applied because of its discriminative power in Mucorales (Meyer & Gams 2003 , Kwaśna et al. 2006 , Schwarz et al. 2006 , Vitale et al. 2012 . The ITS region is highly variable between members and is not alignable over the entire order. ITS sequences of some species differ to such an extent that they could not be aligned confidently with their putative sibling species. To establish the phylogenetic position of species and to acquire an overview of the entire order that includes all groups recognized on the basis of molecular data, the D1/ D2 region of the large subunit (LSU) rDNA was sequenced from one strain of each Molecular Operational Taxonomic Unit (MOTU). A MOTU is defined by ITS similarities with mutual threshold values of > 99 %. Using this approach a species can be represented by a single or by several MOTUs depending on intraspecific variability.
Analyses of the ITS region as a single locus can not be used to define species boundaries, but, conversely, hypotheses on species limits can be developed by plotting morphospecies on the ITS trees. Therefore only those taxonomic rearrangements were made that did not require exact knowledge on species limits. These revisions will be discussed, and nomenclatural status of names analysed.
ITS barcodes of 668 strains in 203 taxa (178 species, 19 varieties, 6 forms) were generated for this study covering 78.4 % of the recognized species in Mucorales. Seventy-six percent of the species are represented by ex-type strains or other authentic material. LSU sequences were generated for 43.5 % of the strains. Special attention was paid to the inclusion of a high proportion of clinical strains predominantly provided by the Spanish National Center for Microbiology in Madrid (Spain) and the Postgraduate Institute of Medical Education and Research in Chandigarh (India). The paper focuses on the genera Actinomucor, Mucor and allies, Rhizomucor and Rhizopus because ITS trees have been published for the remaining medically important genera: Apophysomyces (Álvarez et al. 2010b) , Cunninghamella (Liu et al. 2001) , Lichtheimia (Alastruey-Izquierdo et al. 2010) , Saksenaea (Álvarez et al. 2010a) and Syncephalastrum (Vitale et al. 2012 ).
In main traits we follow the nomenclature of the species provided by Species Fungorum (http://www.speciesfungorum.org) based largely on the 10th edition of the Dictionary of the Fungi. We adopted the family structure by Hoffmann et al. (2013) .
MATERIALS AND METHODS

Strains
A total number of 668 mucoralean strains belonging to 178 species, 19 varieties and 6 formae and covering 78.4 % of the currently accepted species was studied. For 22.2 % of the taxa it was possible to include five or more strains per lowest taxonomic level (form, variety or species), 60.1 % of the taxa were represented by 2 or more isolates. Ex-type strains or other authentic material was available for 75.8 % of the studied species. In order to cover intraspecific variability, strains from the most distant localities and from a wide range of substrates were selected. Special attention was paid to the inclusion of clinical isolates. Studied strains originated from the reference collection of the CBS-KNAW Fungal Biodiversity Centre (CBS; Utrecht, The Netherlands), the Instituto de Salud Carlos III National Centre of Microbiology (CNM-CM; Madrid, Spain), the Departments of Medical Microbiology (PGIMER; Chandigarh, India) or the Belgian Co-ordinated Collections of Micro-organisms (IHEM; Brussels, Belgium). The studied strains, source information and GenBank accession numbers are listed in Table 1 .
DNA extraction, PCR amplification, cloning and sequencing
Genomic DNA was extracted in most cases from 2d-old cultures grown on malt extract agar (MEA 5 %, Oxoid, Badhoevedorp, Table 1 Source information and GenBank accession numbers of the studied strains. Strains marked with an asterisk belong to different genera based on their ITS-or LSU-sequences: * Absidia idahoensis CBS 103.91 belongs to Circinella; ** Circinella lacrymispora CBS 101757 belongs to Gongronella, *** Circinella simplex CBS 428.80 belongs to Mucor. Ex-type strains are designated by: T = ex-type strain, ET = ex-epitype strain, HT = ex-holotype strain, IT = ex-isotype strain, LT = ex-lectotype strain, NT = ex-neotype strain, PT = ex-paratype strain, ST = ex-syntype strain and AUT = authentic material. Type information was checked with original literature only for those taxa that are treated in the taxonomy part; the remaining data were derived from the CBS database.
CBS 538.80
Backusella sp. n.a.
JN206127 CBS 118522
Mucor hiemalis 
Mucor indicus
n.a.
JN206182 CBS 120585
Mucor indicus PCR products were analysed in 1 % agarose gels. Direct cyclesequencing was performed for both strands of the PCR products using the Big dye sequencing kit (Applied Biosystems) and the primer set ITS1 and ITS4 (White et al. 1990 ) for the complete ITS region, and NL1 and LR3 for the D1/D2 region of the LSU (O'Donnell 1993). Cycle-sequencing products were analysed on an ABI 3730XL automatic sequencer (Applied Biosystems).
In cases where direct sequencing failed or double bands were detected in the agarose gels PCR products were ligated into pGEM-T Easy Vector (Promega, Leiden, The Netherlands) and cloned in E. coli JM109 competent cells (Promega) following the manufacturer's instructions. Colony-PCRs were performed using the primer pair M13f (5'-GTAAAACGACGGCCAGT-3') and M13r (5'-GGAAACAGCTATGACCATG-3').
Sequence analyses
Consensus sequences were constructed by means of the SeqMan program v. 7.2.2 (DNASTAR, Lasergene) and deposited in GenBank. A total of 592 ITS sequences (GenBank accession numbers JN205809 to JN206400) and 210 LSU sequences (GenBank accession numbers JN206401 to JN206610) were newly generated for this study. Ninety-two ITS sequences and 113 LSU sequences of strains included in this study were published in previous papers (Alastruey-Izquierdo et al. 2010 , Vitale et al. 2012 ).
The highly diverse ITS sequences were divided in subsets of alignable sequences for phylogenetic analyses. Additionally, a set of LSU sequences was generated representing every MOTU detected in the ITS alignments. The MOTUs were defined by a ≥ 99 % similarity threshold. Similarity values based on the uncorrected distances were calculated with BioNumerics (v. 0.4.61) software (Applied Maths, Sint-Martens-Latem, Belgium).
ITS and LSU sequences were aligned using the server version of the MAFFT program (www.ebi.ac.uk/Tools/mafft) and manually corrected using the program Se-Al v. 2.0a11 (Rambaut 2002 ; http://tree.bio.ed.ac.uk/software/seal/). All alignments are lodged in TreeBASE (www.treebase.org/). Mortierella parvispora, a member of the Mortierellales, was selected as outgroup of the LSU tree because the Mortierellales is the sibling order of the Mucorales (e.g. O'Donnell et al. 2001 , Voigt & Wöstemeyer 2001 . The ITS trees were rooted by the nearest neighbours of the respective group in the LSU tree. The maximum likelihood algorithm with the server version of RAxML-VI-HPC v. 7.0.0 (Stamatakis et al. 2008) as implemented on the Cipres portal was used to estimate phylogenetic relationships. The robustness of all phylogenetic trees was assessed by bootstrap analyses with 1 000 replicates. ITS trees were only calculated for Actinomucor, Mucor (4 trees), Rhizomucor and Rhizopus, but all of the taxa are included in the LSU tree.
Morphology
Strains with a position in the phylogenetic tree that was in conflict with their original classification were verified microscopically. These strains were cultivated on MEA at 24 °C. After 2 and 7 d colonies were observed using a stereomicroscope (SMZ 1500; Nikon) and slides for microscopic examination were made. Fungal material was mounted in lactic acid with cotton blue (2 mg cotton blue/mL lactic acid) and in lactic acid only and examined using a Nikon eclipse 80i microscope (Nikon, Amstelveen, The Netherlands). Measurements were performed using the software NIS-Elements D 3.0 (Nikon). For a few strains mounts from slide cultures were photographed using a Nikon 05SM digital camera.
RESULTS AND DISCUSSION
Performance of ITS and LSU sequencing
Direct sequencing was possible in 82 % of the strains for the ITS and in all strains for the LSU region. ITS sequences of strains that failed direct sequencing could be obtained by cloning in most taxa, while cloning did not solve the problem in the group of Rhizopus stolonifer; this was probably due to extended poly-A-and poly-T-regions. In the majority of cloned strains ITS copies differed only by a single basepair. However, in Syncephalastrum we found ITS sequences of two types forming two clades in the ITS tree (illustrated in Vitale et al. 2012) . Divergent copies of ITS have been found in Fusarium (O'Donnell & Cigelnik 1997) and Laetiporus (Lindner & Banik 2011) . The proportion of strains that had to be cloned was especially high in Absidia, Umbelopsis and Syncephalastrum.
Phylogenetic relationships inferred from LSU data
The family structure of the Mucorales revealed by the LSU clado gram in main traits corresponds with that given by Hoffmann et al. (2013) , although the Lichtheimiaceae and the Mucoraceae do not form clades (Fig. 1) , probably because our analysis is based on a single locus. Some remaining taxonomic inconsistencies between phenotypic and sequencebased classifications were found, particularly in the upper part of the LSU cladogram (Fig. 1) . The Mycotyphaceae and the Choanephoraceae are nested within the Mucoraceae and these families together with the Backusellaceae, the Pilobolaceae and the Rhizopodaceae compose a well-supported clade (Mucorineae clade; bootstrap 75 %). The Mucorineae clade is dominated by the polyphyletic genus Mucor (Fig. 2a) , which comprises many groups that are intermingled by other sporangia-forming genera such as Circinella p.p. (Fig. 2h) , Parasitella, Pilaira, Pirella (Fig. 2f ) , Rhizomucor p.p. (Fig. 2b) , and Zygorhynchus (Fig. 2d) , sporangia-and sporangiolaforming genera such as Backusella (Fig. 8) and Thamnidium (Fig. 2i) , as well as exclusively sporangiola-forming genera such as Chaetocladium, Ellisomyces (Fig. 2g) , Helicostylum and Kirkomyces. Based on the LSU (Fig. 1 ) and ITS trees (Fig. 3 to  6 ), the genera Backusella, Circinella, Mucor, Rhizomucor and Zygorhynchus appear to be polyphyletic. The lower part of the LSU tree shows a more resolved taxonomy. The majority of genera here are clearly defined and appear to be monophyletic based on our sampling. Exceptions were the paraphyletic genus Absidia that includes Halteromyces and Chlamydoabsidia, and the polyphyletic genera Circinella and Rhizomucor that are addressed in more detail below.
Although the polyphyly of Mucor is indisputable, only few clear lineages within Mucor are recognisable. Some of these lineages show a characteristic combination of sporangium size and the branching of the tall sporangiophores: in the Mucor mucedo group (Fig. 1) , consisting, in addition to the name-giving species M. mucedo, of M. piriformis, M. plasmaticus and M. strictus, all form unbranched tall sporangiophores and large sporangia often exceeding 200 µm diam. The morphology of Mucor strictus is strongly temperature-dependent. The species develops the typical group morphology only at low temperatures (Schipper 1975: 24 and Backusella species with transitorily recurved sporangiophores and is discussed below in more detail. All of these groups were recognised, to a large extent, by Schipper (1973 Schipper ( , 1975 Schipper ( , 1976 Schipper ( , 1978a .
Mucor racemosus group
Mucor mucedo group
Mucor flavus group
Mucor hiemalis group
Phenotypic characters with restricted taxonomic relevance
Genera preferably are defined as monophyletic. This may be in conflict with phenotypic definitions when single characters are concerned. For example, sporangiola-forming taxa such as Backusella, Chaetocladium, Ellisomyces, Helicostylum, Kirkomyces and Thamnidium, appear sporadically among Mucor species (Fig. 1, 3, 5, 6 ) and only the clade consisting of the sporangiola-forming genera Benjaminiella and Cokeromyces (Fig. 1) possess phylogenetic support. Hence we consider the potential to develop sporangiola in addition to or instead of sporangia as a plesiomorphic character in the Mucoraceae that is genetically fixed but not revealed in all species. Consequently, the presence of sporangiola should not be used to define new genera, as was done recently in the newly described genus Isomucor (de Souza et al. 2012 ) with sporangiola as the only distinctive trait. A classical generic criterion is the presence or absence of rhizoids. Our finding of rhizoids in Mucor species (Fig. 2c) , the genus originally separated from Rhizomucor by the absence of rhizoids, and the reclassification of Rhizomucor species such as R. regularior, R. variabilis (Álvarez et al. 2010a) , R. chlamydosporus and R. endophyticus (this paper) into Mucor suggests that the potential to form rhizoids might be plesiomorphic in Mucorales as well. Homo-and heterothallic species cluster randomly in our trees demonstrating the reduced taxonomic value of this trait. Circinate sporangiophores branches (Fig. 2h) , considered to be a characteristic of the genus Circinella, evolved at least three times.
Species identification by DNA barcoding
In our study the ITS region turned out to be an appropriate DNA barcoding marker in Mucorales because of its power to discriminate the currently accepted species, including predominantly morphologically defined species (morphospecies), and also all species in Mucor (Hermet et al. 2012) , Lichtheimia (Alastruey-Izquierdo et al. 2010) and Rhizopus (Abe et al. 2007) recognized by GCPSR studies. The statement of Schwarz et al. (2006) that ITS is able to discriminate most but not all clinically relevant members of Mucorales was due to the fact that the authors treated R. azygosporus as a separate species, while now it is classified as a variety of R. microsporus . Indeed the taxonomy of the Mucoraceae is unsatisfactory according to current molecular characteristics and consequently identification by DNA barcoding is reliable only for species that form clearly delimited clades in the ITS trees. In Rhizomucor (Fig. 11) and Rhizopus (Fig. 10) , all species can be identified by their ITS sequence, and even two varieties of Rp. arrhizus proved to be distinguishable (see sections on Rhizomucor or Rhizopus, respectively). ITS data also separate a surprisingly high number of species of Mucor and its allies as monophyletic groups (Fig. 2-5 clade (bootstrap support 88 %) in the LSU phylogram (Fig. 1) and comprises all formae of M. circinelloides but also other species such as M. bainieri and M. ramosissimus, Ellisomyces anomalus and Backusella ctenidia that cannot be separated by ITS and LSU data from M. circinelloides (Fig. 5) . All formae of M. circinelloides described by Schipper (1976) can be discriminated by their ITS sequences, but there are several strains in the complex with a M. circinelloides morphology that do not group in any of these formae (see sections Mucor and Backusella).
Criteria for taxonomic changes based on ITS and LSU data
In general, multilocus studies are needed to establish boundaries between taxa forming sister clades in single-locus trees.
However, in this stage of research we consider ITS and LSU data sufficient to justify taxonomic changes in the following cases: 1) synonymy if the ex-type strains have identical ITS sequences (in case the ITS sequences are identical but large morphological differences have been reported we maintain varieties or formae); 2) attribution of the species rank to varieties or formae if they appear distant to the type variety or forma in ITS and LSU trees; 3) reclassifications based on polyphyly shown by ITS and LSU data (e.g. Zygorhynchus); and 4) extension of a genus based on ITS and LSU analyses and morphological synapomorphies (e.g. Backusella). 
Species concepts: conflicts between grouping in the ITS trees and mating results
The broad species concepts in Mucor maintained by Schipper (1973 Schipper ( , 1975 Schipper ( , 1976 Schipper ( , 1978a (Schell et al. 2011) and Lichtheimia (Alastruey-Izquierdo et al. 2010) . Consequently, the study of zygospores should not be devaluated by our results but is ideally combined with multilocus studies to recognize species.
Detection of undescribed species by DNA barcoding
Twelve MOTUs are revealed by ITS sequencing that deviate considerably from species included in this study and might represent undescribed taxa (indicated by bold blue font in all trees). The species to which they had previously been assigned, on the basis of morphological features, are given in quotation marks. In order to establish whether these MOTUs deserve species rank we have initiated multilocus-analyses and detailed morphological studies, which will be published in subsequent papers. Regardless of the question if these MOTUs represent undescribed species, our results suggest that the used phenotypic criteria for species recognition in the Mucorales underestimated existing diversity.
The ITS sequences of numerous strains of Absidia and Umbelopsis could not be obtained by direct sequencing and not all of them could be cloned. Our ITS dataset is therefore incomplete for these genera.
ITS barcoding detected cryptic species, but conversely revealed growth-reduced mutants of existing taxa that had been maintained incorrectly as separate species. Examples include Mucor sinensis, which is synonymised with M. racemosus f. racemosus below, alleged Mucor ramosissimus strains that proved to belong to M. circinelloides f. circinelloides or f. janssenii, and Rhizomucor tauricus which is a synonym of Rm. pusillus.
Intraspecific variability
Intraspecific variability differs widely among mucorealean species and genera. The following dissimilarity values were obtained for the ITS region of species represented by at least 5 strains: Backusella circina (0 %), Choanephora cucurbitarum (0.5 %), Circinella muscae (1.6 %), Cunninghamella bertholletiae (1.0 %), C. blakesleeana (0.9 %), C. echinulata (13.3 %), Gilbertella persicaria (1.2 %), Gongronella butleri (1.1 %), Lichtheimia corymbifera (2.0 %), L. hyalospora (6.3 %), L. ramosa Umbelopsis nana (0 %) and Zygorhynchus moelleri (0 %). Complete identity might be the result of undersampling. High dissimilarity values of morphologically defined species such as Cunninghamella echinulata could be caused by the inclusion of more than one species. However, the taxonomically wellelaborated genus Lichtheimia also contains species with more than 5 % dissimilarity suggesting that intraspecific variability can be comparatively high in Mucorales.
In agreement with Nilsson et al. (2006) we did not find a unifying threshold for intraspecific variability, a result that should caution against formal ITS-based species delimitation. On the other hand, the ≥ 99 % identity threshold given by Balajee et al. (2009) for comparative ITS sequence identification using GenBank in Mucorales is not covering the intraspecific variability of several clinically important species. Our data suggest that a distinct identity threshold has to be defined for every species for a reliable ITS-based identification. GCPSR studies will be required beforehand to define species boundaries in species with conflicting morphological and ITS data especially in those that are part of a species complex.
Clinically relevant taxa
Clinical strains are highlighted by red strain numbers and GenBank accession numbers in all figures. Strains representing a clinically relevant MOTU are marked either by a red square (assignment to the respective MOTU by ITS comparison) or by a red circle (assignment to the respective MOTU by morphology) in the LSU tree (Fig. 1) . The following genera contain species that are involved in human opportunistic infections: Actinomucor, Apophysomyces, Cokeromyces, Cunninghamella, Lichtheimia, Mucor, Rhizomucor, Rhizopus, Saksenaea, Syncephalastrum, and possibly Mycotypha, Thamnostylum (Xess et al. 2012) and Zygorhynchus, the latter genus being synonymised with Mucor below. The recently described clinically relevant species of Apophysomyces, viz. A. ossiformis and A. trapeziformis (Álvarez et al. 2010b ) and of Saksenaea, viz. S. erythrospora as well as the pathogenic S. vasiformis (Álvarez et al. 2010a) were not included in our study.
No clinical strains of the following species were included in the present study, but clinical relevance of the species, resp. strains originating from clinical samples were reported by other authors: Cokeromyces recurvatus (e.g. Ryan et al. 2011) , Cunning hamella blakesleeana (García Rodríguez et al. 2012) , C. echinulata (Lemmert et al. 2002) , Mucor ardhlaengiktus (as M. ellipsoideus), M. circinelloides f. lusitanicus (as M. lusitanicus) (Álvarez et al. 2011) , Rhizopus homothallicus (Chakrabarti et al. 2010) , Rhizopus stolonifer (de Hoog et al. 2000) and Thamnostylum lucknowense (Xess et al. 2012) . A clinical strain treated as Mucor fragilis by Álvarez et al. (2011) is assigned to M. circinelloides below.
The involvement of Zygorhynchus moelleri and a possibly undescribed Mycotypha species in human mucormycoses has not been proven: strain IHEM 21156 of Zygorhynchus moelleri was isolated by J.P. Bouchara at the University Hospital Angers (France) in 2004 but the exact source is unknown, and Mycotypha strain CBS 109960 was isolated by N. Poonwan from pus of a wound in the RMSC Pitsunalok (Thailand) in 2002.
There is also no case report on Mucor plumbeus but the source of isolation of strain CBS 634.74 (human biopsy material) and CBS 633.74 (subcutaneous tissue of a cat) suggest a pathogenic potential of this species. Mucor aligariensis was isolated in 1958 from human and M. saturninus in 1978 from chicken, but no proven case reports have been published. Based on their maximum growth temperatures (< 30 °C, Schipper 1978a) the involvement of these species in infections is questionable.
The clinical strain CNM-CM 5114 (JN205884) isolated in 2008 from a lung biopsy specimen in Barcelona (Spain) was diagnosed as Cunninghamella elegans by a 99.2 % similarity of the ITS region with the ex-neotype strain of this species CBS 160.28 (AF254928). This is the first time that the involvement of C. elegans in human infection has been documented molecularly.
The recent detection of species with clinical relevance, such as Cunninghamella echinulata (Lemmert et al. 2002) , Lichtheimia ornata (Alastruey-Izquierdo et al. 2010), Mucor ardhlaengiktus (as M. ellipsoideus, Álvarez et al. 2011) or Rhizopus homothallicus (Chakrabarti et al. 2010) shows that basically all mucorealean taxa, including species regarded as strictly environmental, should be included in the database for molecular identification of clinical strains. Molecular identification by BLAST searches of GenBank may lead to wrong conclusions because of incomplete sampling, inconsistent nomenclature and a high percentage of misidentified taxa (Bridge et al. 2003 , Nilsson et al. 2006 , Bidartondo et al. 2008 , Lian et al. 2011 ).
The following taxa have been reported from proven case studies (de Hoog et al. 2000 , Gomes et al. 2011 circinelloides (highlighted by black bars in Fig. 5 ) contain a large number of clinical strains, which might be explained to high frequency in the human environment, or to an increased virulence. Interestingly, the forma griseocyanus, being the only forma of Mucor circinelloides that is not able to grow at 37 °C, does not comprise any clinical isolate. In Mucor racemosus we found a similar picture: only the forma racemosus appears to be involved in human infections, while the forma sphaerosporus contains strains only isolated from food and environmental samples. The maximum growth temperature of forma sphaerosporus is distinctly lower (28 °C > T max < 25 °C) than that of the clinically relevant forma racemosus (37 °C > T max < 30 °C) (Schipper 1976) .
Mucor mousanensis
Many thermotolerant or thermophilic species (Schipper 1973 , 1975 , 1976 , 1978a , b, 1979 , 1984 , 1986 , 1990 , Schipper & Stalpers 1984 , Schipper & Samson 1994 , de Hoog et al. 2000 , Zheng & Chen 2001 , Hoffmann et al. 2007 , Alastruey-Izquierdo et al. 2010 , Álvarez et al. 2010a in the Mucorales are opportunistic pathogens of vertebrates, but there is no direct correlation between thermotolerance and pathogenicity. Several taxa including species of Backusella, Cunninghamella and Mucor, as well as Protomycocladus faisalabadensis and Thermomucor indicae-seudaticae are thermotolerant or even thermophilic, but have never been reported to cause infections.
TAXONOMY Mucor
Mucor mucedo group, M. flavus group, M. hiemalis group and related taxa
In our ITS tree (Fig. 3) Mucor flavus is divided in several small clades that are intermingled with M. aligarensis, Helicostylum pulchrum and Thamnidium elegans. Several ex-type strains of species that were synonymised by Schipper (1975) with M. flavus based on positive matings and morphological similarity are placed in other clades than the neotype strain CBS 234.35. Their correct taxonomic status needs to be assessed by more detailed studies.
Only two of the four formae established by Schipper (1973) for Mucor hiemalis, viz. f. hiemalis and f. corticola, constitute a clade in the ITS tree (Fig. 3) . This clade is divided into two subclades both composed of strains morphologically assigned to f. hiemalis and f. corticola. However, the ex-type strains of both formae are located in the same subclade (Fig. 3) . For that reason we consider the small differences in the shape of the spores between the formae as taxonomically insignificant. Strains of Mucor hiemalis f. silvaticus are not part of the wellsupported Mucor hiemalis clade, not in the ITS (Fig. 3 ) nor in the LSU tree (Fig. 1) . Therefore we treat this taxon as a discrete species. The same applies to Mucor hiemalis f. luteus that recently was reclassified as Mucor luteus (Budziszewska et al. 2010) .
No authentic material is known to exist of Mucor abundans. The protologue (Povah 1917) describes M. abundans as a species with slightly branched sporangiophores, sporangia with a diameter below 100 µm, subglobose to pyriform columellae and small globose to short ellipsoidal sporangiospores. The strains CBS 388.35 (Fig. 4) and CBS 521.66, the latter deposited as M. abundans in the CBS collection, match these microscopic characters including the typical size and shape of the sporangiospores. They only differ by features that may have changed during prolonged cultivation such as the colour of the colony or the colour of the young sporangia that are hyaline with a slight yellow tinge in the studied strains instead of yellowish. Schipper (1973) noted the similarity of both strains with M. abundans but she considered them too similar to M. hiemalis f. corticola to recognise a separate species. Our ITS tree (Fig. 3) (Fig. 4a, c) , up to 39 by 46 µm in size, often purplish grey; collars distinct; sporangiospores hyaline, smooth, subglobose (3.5-6 µm diam), short ellipsoidal to short cylindrical (4.5-7 by 3.5-5.5 µm) (Fig. 4b) ; chlamydospores globose, ellipsoidal or pyriform, intercalary, terminally and laterally formed mainly in the submerged mycelium (Fig. 4d) ; zygospores absent.
Mucor racemosus group and related taxa
Based on our analyses (Fig. 1, 5 ) Mucor circinelloides represents a species complex, which also includes other Mucor species and sporangiola-forming taxa. The backbone of the M. circinelloides part of the ITS tree is poorly resolved, hampering a decision on the rank of the taxa included. Based on positive matings, Schipper (1976) reduced four species related to Mucor circinelloides to formae, namely f. circinelloides, f. griseocyanus, f. janssenii and f. lusitanicus. Recently Álvarez et al. (2011) proposed species status for f. lusitanicus without considering the positive mating results obtained by Schipper (1976) . Strains morphologically assigned to the various formae of M. circinelloides form well-supported clades in the ITS tree ( Fig. 5 ), but several additional strains that morphologically belong to M. circinelloides are located outside these clades. The strains CBS 338.71 and CBS 635.65, for example, are placed basally to the forma lusitanicus clade in the ITS tree ( Fig. 5 ) and develop predominantly globose columellae characteristic of forma lusitanicus, but occasionally they develop obovoid columellae typical of forma circinelloides. Schipper's (1976) mating results, the presence of intermediate strains and the absence of compensatory base changes (CBC) between f. circinelloides, f. lusitanicus, and f. janssenii (Pawłowska et al. In press) lead us to regard M. circinelloides as a single species that consists of several still interbreeding lineages which result in a high intraspecific ITS variability of 5.3 %.
Some confusion exists because of misapplied names for important model strains. Strain CBS 416.77, deposited in the CBS collection by S. Bartnicki-García as Mucor rouxii, belongs to Mucor circinelloides according to its ITS sequence, a fact that has been noted by several authors (Abe et al. 2006 , Schwarz et al. 2006 ). Ellis et al. (1976) proposed NRRL 5866 = CBS 438.76 as the neotype for Amylomyces rouxii (Calmette 1892) and found it to be conspecific with that of Rhizopus arrhizus. Wehmer (1900) (Schipper 1978a: 10) , but the molecular differences between the two species are unambiguous. Li et al. (2011) also belong to f. janssenii but type material of this form was not included in the study of Li et al. (2011) .
The ITS sequence deposited in GenBank (EF203698) for the newly described species Mucor renisporus (Jacobs & Botha 2008 ) is identical to that of CBS 480.70F (data not shown) of Mucor circinelloides f. circinelloides. However, according to the description given by Jacobs & Botha (2008) the taxa differ significantly in the sizes of sporangia, columellae and sporangiospores. A microscopical study of the ex-type strain of Mucor renisporus, and repeated ITS sequencing are necessary to verify conspecifity.
The morphological distinction of f. racemosus and f. sphaerosporus of M. racemosus is ambiguous while they can be clearly differentiated based on ITS data. Some strains of f. racemosus such as CBS 271.86 and CBS 113.08 produce a high proportion of spherical sporangiospores.
Mucor racemosus f. chibinensis is grouped with M. racemosus f. racemosus and represents a synonym of the latter. To our knowledge no type material is available for f. chibinensis. Schipper (1976) (Schipper 1976 ); in addition the strain was isolated in Russia, corresponding which the geographic origin of the type. Mucor sinensis is considered to be conspecific with M. racemosus f. racemosus because it groups with the ex-neotype CBS 260.68 of the latter in the ITS tree. It appears to represent a morphological variant or a growth-reduced mutant rather than a separate species.
Mucor amphibiorum group and related taxa
The ITS sequence of the ex-type strain of the recently described Mucor ellipsoideus (FN650647, Álvarez et al. 2011 ) is identical to that of CBS 210.80, the ex-type strain of Mucor ardhlaengiktus, except of an A missing at the 3' terminus probably due to low sequence quality (data not shown). The characteristic azygospores described in M. ardhlaengiktus (Mehrotra & Mehrotra 1978) appear to be a variable feature that was absent from the strain studied by Álvarez et al. (2011) and from strain CBS 650.78. Mucor ardhlaengiktus is the older name (Mehrotra & Mehrotra 1978) and we therefore consider M. ellipsoideus as a synonym. The varieties of Mucor laxorrhizus, var. laxorrhizus and var. ovalisporus, appear distantly positioned in the ITS (Fig. 6) and LSU ( Fig. 1 ) trees and as a result we recognize them as separate species.
Mucor ardhlaengiktus B.S. Mehrotra & B.M. Mehrotra, Sydowia 31: 94. 1979 . -MycoBank MB317921
= Mucor ellipsoideus E. Álvarez, Stchigel, Cano, D.A. Sutton & Guarro, in Álvarez et al., Med. Mycol. 49: 67. 2011 .
Lectotype. Fig. 1 (Mehrotra & Mehrotra, Sydowia 31: 95. 1979 6: 158. 1950 . = Mucor kurssanovii Milko & Beliakova, Mikrobiologija 36: 118. 1967 . = Mucor velutinosus E. Álvarez, Stchigel, Cano, D.A. Sutton & Guarro, in Álvarez et al., Med. Mycol. 49: 64. 2011 CBS 144.93, CBS 185.68, CBS 204.68, CBS 205.68, CBS 206.68, CBS 227.29, CBS 232.29, CBS 243.67, CBS 365.70, CBS 762.74. Notes - Schipper (1970) described Mucor griseocyanus f. janssenii based on strain CBS 205.68 because no authentic material of M. janssenii existed. However, she did not designate CBS 205.68 as the neotype though it was considered as such in the following years. Here we designate strain CBS 205.68 (in a lyophilized state) as neotype of M. janssenii because it fits the description of this species morphologically and it is well described (Schipper 1970 Notes -Strain CBS 260.68 was used by Schipper (1970) for the description of Mucor racemosus f. racemosus but not designated as neotype. Here we designate strain CBS 260.68 (in a lyophilized state) as neotype of this species because it is well characterized (Schipper 1970 ) and because its morphology fully complies with the original description. Notes -To our knowledge, authentic material of this species has been lost. Schipper (1973) Schipper (1973) . Compared to the strains available in international fungal culture collections, it was isolated closest to the locality of the type, Norway.
Mucor silvaticus
Mucor recurvus group and Backusella
The LSU phylogram (Fig. 1) (Fig. 8) . In this clade the sporangiophores are curved during maturation of the sporangium and become upright afterwards. Schipper (1978a) recognised the Mucor portion of this group on morphological grounds. The type species of Backusella, B. circina (Ellis & Hesseltine 1969: 865) (Fig. 8a, b) , as well as B. lamprospora (Benny & Benjamin 1975 : 320) also have been described to form transitorily recurved sporangiophores.
The genus Backusella differs from Mucor only by the formation of sporangiola in addition to sporangia. However, sporangiola, though in low frequency, have also been described in Mucor recurvus var. indicus and in M. tuberculisporus (Schipper 1978a Sporophores arising directly from the substrate mycelium, simple or sympodially branched, recurved when young, erect at maturity (transitorily recurved), smooth or roughened, producing terminal sporangia and in some species few to many lateral, pedicellate sporangiola. Terminal sporangia columellate, multispored, globose to subglobose, size ranging from 90 to 375 µm diam, nonapophysate, wall encrusted, deliquescent; columellae subglobose, ellipsoidal, slightly pyriform or conical, smooth. Collars small or consisting of needle-shaped spines. Sporangiolar pedicels straight, curved, or recurved, simple or branched, smooth or encrusted. Sporangiola columellate, multior unispored; wall verrucose or spinulose or both, persistent. Sporangiospores of sporangia and multispored sporangia identical, large, subglobose, ellipsoidal or irregularly polyhedral, smooth. Columellae, hyphae and sporangiospores in some species with yellowish or brownish content. Zygospores globose to subglobose; wall dark, opaque or translucent, ornamented with conical or rounded projections; suspensors opposed, smooth or roughened, equal or unequal.
Notes -The emended genus Backusella includes the following species: Backusella circina, B. grandis, B. indica, B. lamprospora, B. oblongielliptica, B. oblongispora, B. recurva, B. tuberculispora and B. variabilis. Notes -The ITS sequence of Mucor grandis differs by only 6 basepairs from that of M. variabilis, while different clones of M. variabilis vary at four positions. The small sequence differences suggest conspecifity but the diameter of the sporangia varies significantly between the species. More detailed taxonomic studies are needed to clarify species limits. phologically and reclassified P. caucasica as a variety of P. moreaui. The variety differed from var. moreaui in the size of sporangiophores and sporangiospores (Zheng & Liu 2009a ). We found identical ITS sequences for both varieties supporting conspecifity (Fig. 3) . We retain both varieties despite of identical ITS sequences because of the clear morphological distinction.
Zygorhynchus
Phenotypically Zygorhynchus and Mucor differ in the following features. First, species of Zygorhynchus are exclusively homothallic, while the majority of Mucor species is heterothallic (Watanabe 1994). Second, the suspensors of the zygospores are unequal in Zygorhynchus and equal in Mucor. Third, the two suspensors originate from the same hypha in Zygorhynchus, the 'Zygorhynchus pattern', while they arise from different hyphae in Mucor, the 'Mucor pattern' (Hesseltine et al. 1959 , Schipper 1986 . However, these differences are gradual (Schipper 1986) . Zygorhynchus exponens may develop equal but Mucor plumbeus more or less unequal suspensors (Schipper 1986 ). In Zygorhynchus exponens (Hesseltine et al. 1959) , Z. japonicus (Schipper 1986 ) and Z. moelleri (Green 1927) zygospores are also produced between different hyphae.
Based on our LSU (Fig. 1) and ITS (Fig. 3, 6 ) data, Zygorhynchus is polyphyletic. Our analyses indicate that unequal suspensors and the Zygorhynchus pattern of zygospore production do not represent synapomorphies in the genus Zygorhynchus, but appear to be convergent characters within Mucor. Therefore we recombine all Zygorhynchus species in Mucor.
The ex-type strains of Zygorhynchus moelleri and Z. californiensis have identical ITS sequences suggesting conspecifity. However, Z. californiensis has regularly globose spores, while the spores of Z. moelleri are oblong to ovoidal in shape, 2.0-3.3 × 3.0-6.5 µm (Hesseltine et al. 1959) . For that reason we propose reclassifying Z. californiensis as a forma of Z. moelleri. Notes -The original material of this species consists of slides labelled as "Mucor heterogamus P.V. Zygospores Mis de pain 17-3-86" (Hesseltine et al. 1959) . Hesseltine et al. (1959) studied five strains: NRRL 1489, NRRL 1490, NRRL 1491, NRRL 1616 (= CBS 405.58) and a fresh isolate without an NRRL number designated as 'No. 1957 ' and compared these strains with the original material. The authors found remarkable intraspecific variation in colony appearance, but micromorphologically Vuillemin's material was almost identical with their living cultures except for some differences in lengths of the zygospore projections. Therefore they considered the type material and their strains as conspecific. Here we designate CBS 405.58 (NRRL 1616, preserved in a lyophilized state) verified by Hesseltine et al. (1959) as epitype of Mucor heterogamus.
Isolates of M. heterogamus vary considerably in their ITS sequences (maximum dissimilarity of 10 %) and might represent a complex of several species. Isolates that were morphologically assigned to M. heterogamus form a well-supported group with Z. multiplex and Z. macrocarpus, but at distances to the designated ex-epitype strain of 10.8 % and 7.7 %, respectively. The precise definition of species boundaries awaits detaileddistinguishing the varieties are shape, size and ornamentation of the sporangiospores (Zheng & Liu 2005 , Khan et al. 2008 ). The var. meitauzae and var. kuwaitiensis show reduced growth on Czapek's agar. In contrast to earlier reports (Jong & Yuan 1985) , the maximum growth temperature does not discriminate the varieties (Zheng & Liu 2005 , Khan et al. 2008 . However, the relationships deduced from our ITS data (Fig. 9) contradict current taxonomic concepts. Strains with the characteristics of var. meitauzae are scattered over nearly all parts of the tree, and only a part of the strains belonging to var. elegans is included in a well-supported clade around the ex-type strain of var. elegans. A detailed taxonomic revision is required.
Rhizopus
Based on our phylogenetic trees the genus Rhizopus is paraphyletic because Sporodiniella umbellata (2004) found strains morphologically assigned to R. stolonifer with strongly deviating randomly amplified polymorphic DNA (RAPD) patterns and consequently the authors suspected an undescribed variety or even species. The varieties arrhizus and delemar of Rhizopus arrhizus are also recognized in the ITS tree, in accordance with Abe et al. (2007) and Gryganskyi (2010) who treated them as separate species. Strains identified morphologically as R. arrhizus var. tonkinensis by do not form a separate cluster but are distributed in var. arrhizus and var. delemar clades. However, by using short tandem repeat motives of IGS rDNA sequences Liu et al. (2008) were able to characterize all three varieties of R. arrhizus.
The morphological varieties described in Rhizopus microsporus
are not supported genetically; a single, supported clade includes strains representing the varieties microsporus, chinensis and oligosporus. ITS sequences of the remaining R. microsporus strains that had been assigned morphologically to the varieties azygosporus, chinensis, oligosporus, rhizopodiformis and tuberosus are all identical. The ITS identities imply in agreement with Liu et al. (2008) , Abe et al. (2010) and Dolatabadi et al. (In press ) that enlarged size and indistinct ornamentation of sporangiospores have no genetic basis in R. microsporus.
Circinella
The genus Circinella was erected by van Tieghem & le Monnier (1873) in order to accommodate strains differing from Mucor by circinate sporangiophore branches that terminate in globose sporangia with persistent walls (Hesseltine & Fennell 1955) . Based on our LSU tree ( Fig. 1 ) Circinella is polyphyletic, resolved in a well-supported group around the type species C. umbellata within the Lichtheimiaceae, and two separate species, C. simplex and C. rigida, positioned distantly within different clades of Mucor. As a consequence, we propose assigning C. rigida to Mucor. No type material is known to have been preserved of C. simplex. We studied five strains of this species but we only obtained good sequence data for CBS 428.80. More detailed taxonomic studies on the numerous strains of this species that are available in public collections are necessary to test its monophyly and to select a neotype. Excluding the unrelated species C. rigida and C. simplex, the genus Circinella is restricted to species that develop sporangiophores either with sterile spines or umbels with circinate branches.
The ex-type strain of Circinella lacrymispora clusters with the ex-type strain of Gongronella lacrispora in the Gongronella clade of the LSU phylogram (Fig. 1) . Based on this finding Circinella lacrymispora should be reclassified in Gongronella.
The LSU sequences of C. lacrymispora and G. lacrispora differ only in 3 basepairs and conspecifity cannot be excluded. We defer recombination until we obtain the ITS sequences of both taxa and until we perform a detailed morphological study. Notes -The species differs markedly from other Mucor species by the extremely rigid sporangial walls, the often curved branches of the sporangiophores, the common formation of subsporangial septa and the frequent presence of distinct apophyses (Fig. 2h) .
Mucor durus
Rhizomucor
All non-thermophilic Rhizomucor species, namely Rm. chlamydosporus, Rm. endophyticus, Rm. regularior and Rm. variabilis belong to Mucor based on our LSU tree (Fig. 1) . Rhizomucor regularior and Rm. variabilis have recently been reclassified: Rm. variabilis has been renamed as Mucor irregularis, whereas Rm. regularior has been synonymised with M. circinelloides (Álvarez et al. 2011) . Our ITS data (Fig. 3) indicate that Rhizomucor endophyticus represents a discrete species closely related to Mucor luteus. The ITS sequence of the ex-type strain of Rm. chlamydosporus (GenBank EF583634) is identical to that of Mucor indicus (data not shown); the morphological description of the species (Zheng & Liu 2009b ) fully matches with that of M. indicus.
Mucor hiemalis and M. luteus develop distinct rhizoids when they grow over glass slides (Fig. 2c) . These findings demonstrate that not only Rhizomucor, but also Mucor species have the ability to produce rhizoids, at least under certain conditions. Consequently, this feature should not be used as sole criterion for the distinction of Mucor and Rhizomucor.
After removal of the above species, Rhizomucor with its type species Rhizomucor parasiticus (which is a synonym of Rm. (Fig. 11) . Analysis of its carbon source utilization, isoenzyme patterns and PCR-coupled RFLP of the ITS suggested that Rm. tauricus represented a heterothallic mutant strain of Rm. pusillus (Vágvölgyi et al. 1999) .
Rhizomucor nainitalensis forms sporangiospores of different shapes, varying from subglobose to irregularly shaped (Joshi 1982) . The sporangiospores of Rhizomucor pakistanicus are globose or ovoidal (Mirza et al. 1979) . The following description of Rhizomucor is slightly modified from Schipper (1978b: 53) :
Rhizomucor Lucet & Costantin (1900) Thermophilic; sporangiophores originating from aerial mycelium, either from short aerial hyphae or from distinct stolons, both with simple or weakly branched rhizoids; sporangiophores branched, each branch bearing a multispored terminal sporangium; sporangia borne in an upright position, globose, dark (coloured), distinctly columellate, non-apophysate; sporangiospores consistently or partly subglobose; zygospores globose, covered with blunt projections, and formed in the aerial mycelium between non-ornamented, isogamous opposed suspensors. 
Umbelopsis
Our ITS dataset is incomplete for Umbelopsis because of the high proportion of strains that needed to be cloned. For that reason, we refrain from taxonomic changes. The ex-type strains of Umbelopsis dimorpha and Umbelopsis nana possess identical ITS sequences and it is likely that these species are conspecific. The ITS sequences of the ex-type strains of U. swartii and U. westeae, as well as those of U. gibberosa and U. ramanniana are very similar necessitating a critical revision of Umbelopsis taxonomy. Ex-type strains are designated by: T = ex-type strain, LT = ex-lectotype strain, ET = ex-epitype strain. The identifying ex-type strain of a clade is printed in bold. Clones are specified by a 'c' followed by the clone number. Clinical strains are highlighted by red strain and GenBank accession numbers.
